concerning the temporal integration of spatial frequencies can be distinguished: first, one where the integration of spatial frequencies is improved if spatial frequencies are constrained to become available in a coarse-to-fine sequence and any disruption of this order would lead to a corruption of the integration process; or, second, one where the integration of spatial frequencies proceeds just as effectively whatever order the spatial frequencies become available. In this second view, there is no inherent bias in the integration mechanism itself for a coarse-to-fine integration of stimulus information, but rather spatial frequencies are accumulated as and when they become available. It just so happens that under normal circumstances spatial frequencies are made available in a coarse-to-fine order owing to the differential relative delays which occur in their initial processing. These two concepts of spatial-frequency integration have been termed the temporally anisotropic option and the temporally isotropic option, respectively (Parker et al 1992) .
A number of experiments have been carried out addressing this distinction, most notably by Parker et al (1992 Parker et al ( , 1997 and Oliva (1994, 1997) . In these experiments observers were shown the spatial-frequency information of natural images stretched through time in a coarse-to-fine or in a fine-to-coarse sequence. For example, in one of the conditions of Parker et al (1992) , a low-pass-filtered image was presented, followed by a second low-pass image but with a higher cutoff point, and finally this was succeeded by a high-pass-filtered image. These three filtered images presented sequentially comprised a coarse-to-fine condition. If the same images were shown sequentially in the reverse order, then that comprised a fine-to-coarse condition. Parker et al (1992) found that the quality of the image triplets was rated as being higher if they were shown from coarse to fine. They also found that subjects are more likely to report (ie falsely detect) a full-bandwidth natural image within the image triplets if the spatial-frequency information of that triplet was shown from coarse to fine. This suggests that the coarse-to-fine sequence was more likely to integrate to resemble the full-bandwidth image and thus elicit a higher quality rating or a target-present response. This evidence suggests that the integration of spatial frequencies is carried out by a temporally anisotropic integration mechanism, that is one which integrates spatial frequencies more effectively if they are available in a coarse-to-fine sequence. (1) Recently, McSorley and Findlay (1999) investigated the temporal preference for spatial-frequency integration using stimuli more localised in the spatial-frequency domain. Three Gabor patches whose spectral content peaked at the first three spatial frequencies of a square-wave series were presented progressively in a square-wave detection task. It was found that a square wave was more likely to be falsely detected if the presentation order was from low to high than if the equivalent frequency information was presented from high to low. This provides backing for the results of Parker et al (1992 Parker et al ( , 1997 and Schyns and Oliva (1994) : low-to-high presentation of simple spatialfrequency information is more likely to result in an integrated percept than the equivalent spatial frequency information presented from high to low, thus suggesting that the integration of spatial frequencies is carried out by a temporally anisotropic mechanism.
The purpose of the set of experiments reported in this paper was to extend McSorley and Findlay's (1999) finding supporting a low-to-high or coarse-to-fine preference for the availability of spatial-frequency information in their subsequent integration.
(1) The term integration of spatial frequencies is used here to mean any instance in which the information in multiple images is combined. Specifically, in the experiments described here, it refers to combination of component images shown in a temporal sequence. This process can be examined by constructing the spatial-frequency content of the component images such that their integration gives information which is not provided within any one of the component images. Thus effective integration cannot be said to have occurred if such a combination did not take place.
One interpretation of this effect suggests that spatial frequencies presented in the low-to-high order are more likely to result in an integrated square-wave percept than those presented in the high-to-low sequence. A prediction from this interpretation was that the low-to-high sequence of the first three spatial frequencies of a square-wave series would be more likely to look like or resemble a square wave than a high-to-low sequence. This prediction was tested in experiments reported in this paper. To preempt the results somewhat, it was found unexpectedly that the high-to-low sequence was judged to most resemble a square wave.
2 Experiment 1: Square-wave likeness This experiment took the form of a temporal two-interval forced-choice paradigm (2IFC). In one interval either a Fa3Fa5F or 5Fa3FaF sequence appeared; in the second interval the opposite appeared, ie if Fa3Fa5F sequence appeared in the first interval, then 5Fa3FaF sequence appeared in the second; or if 5Fa3FaF sequence appeared in the first interval, then Fa3Fa5F sequence appeared in the second. The subject had to indicate which appeared to be more like a square wave. This might appear to be a strange task for the subject, as there are in fact no square waves at all in the experiment, just the first three harmonics presented one after the other; therefore there is no right answer. However, subjects did not find this task uncomfortable to complete.
2.1 Method 2.1.1 Apparatus and materials. The stimuli used in this experiment took the form of spatial-frequency Gabor patches of the first three harmonics of a vertically oriented square wave with a fundamental of 1 cycle deg À1 and a circular spatial envelope standard deviation of 1.748. These were defined as:
where A is the amplitude of the function and s is the standard deviation of the Gaussian envelope. Examples of the stimuli used and their power spectra are shown in figure 1. The stimuli took the contrast relationships dictated by the harmonic relationship of square wave, specifically the fundamental, F, was shown at 93.75% [Michelson contrast (l max À l min )a(l max l min )6100; where l max is the highest luminance value; and l min is the lowest luminance value] while the third harmonic, 3F, was shown at a third of this at 31.25% and the fifth harmonic, 5F, at 18.75%.
All stimuli were created through software which utilised a VSG display system (Cambridge Research Systems Ltd) and were presented on a gamma corrected 21 inch (10246768 pixels) monochrome Eizo FlexScan 6600-M monitor with a refresh rate of 69 Hz and a mean luminance of 12.9 cd m À2 . Stimuli were displayed for 42 ms each all with a step temporal onset and offset. These were displayed centrally and viewed binocularly at a distance of 1 m. The subject's head was placed in a chin-and-forehead rest throughout the duration of the experiments.
2.1.2 Design. The task was a judgment-of-likeness task employing 2IFC. Subjects were shown either a sequence of Fa3Fa5F and 5Fa3FaF, in either order, separated temporally for 750 ms by a blank screen of mean luminance. They were asked to indicate which interval they perceived to be more like a square-wave patch. A within-subjects design was employed as each subject performed all combinations of the variables in a single test period. Performance was measured as the number of times a particular presentation resulted in a square-wave-likeness judgment as a function of the order of their presentation. Subjects were required to make 200 decisions.
2.1.3 Procedure. The experiment was carried in a blacked-out room. Subjects were informed what the task required. They were shown examples of the set of stimuli, including a square wave of the same size and fundamental frequency as the experimental stimulus F, and examples of the temporal form that the trials were to take. The subject proceeded with the experiment when fully satisfied. All subjects' data were collected in a single-block session.
2.1.4 Subjects. There were ten subjects, three female and seven male, with an age range of 25 to 34 years. One of the subjects was the author and so was fully aware of the purpose of the experiment; the remaining nine were na|« ve.
Results
The results can be seen in table 1. It was found that the temporal order of spatial frequencies did have an effect upon subjects square-wave-like responses. Subjects predominately (96.45%) chose the presentation order of the triplet of Gabor patches which showed the 5F initially, followed by the lower spatial frequencies of 3F and F. On only 3.55% of the trials was the low-to-high presentation indicated as being more square-wave like. The left-hand column shows, running from top to bottom, the fundamental frequency F, the 3F spatial frequency, and the 5F spatial frequency. The right-hand column shows the corresponding power spectra.
Discussion
The results clearly show that the 5Fa3FaF sequence of spatial frequencies was judged to resemble a square wave more than the converse sequence. This is a surprising result, as it would be expected, from the results of the square-wave-detection experiment of McSorley and Findlay (1999) , that the Fa3Fa5F sequence would be indicated as being more square-wave like.
One possible reason why the high-to-low spatial-frequency preference might be found is that the square-wave-resemblance task may not be reflecting spatial-frequency integration at all. This is suggested from the results of Parker et al (1992) . They found that when subjects judged the quality of a triplet of filtered images, those shown sequentially progressing from coarse to fine in spatial-frequency content were rated as being of better quality than those shown progressing from fine to coarse. It would seem, on the face of it, that this quality-rating task and the likeness-judgment task of experiment 1 reflect the same underlying integration process: how much a sequence of spatial frequencies is judged to be like or similar to the full-bandwidth image, whether it be a natural image or a square wave. However, the results from Parker et al (1992) and those reported here in experiment 1 show the exact opposite temporal sequence of spatial-frequency information as being integrated effectively. Thus it may be the case that the two paradigms do not reflect the same process. This possibility was examined in a second experiment.
3 Experiment 2: Natural-image likeness To examine whether the square-wave-likeness task and the quality-rating task, used by Parker et al (1992) , reflected the same underlying processes (ie spatial-frequency integration), it was decided to run the same paradigm with Gabor patches and natural images. Therefore the 2IFC paradigm of the square-wave-likeness experiment was employed with sequences of filtered natural images used as component stimuli. Thus, filtered images were presented from coarse to fine and fine to coarse in two temporal intervals, and subjects indicated which appeared to more resemble the full-bandwidth natural-image standard. If the likeness judgment reflected the same process underlying quality ratings (Parker et al 1992) , ie spatial-frequency integration, then it would be expected that the coarse-to-fine sequence of filtered natural images should be chosen to resemble the full-bandwidth natural image from which they were derived.
3.1 Method 3.1.1 Subjects. There were ten subjects, three female and seven male, with an age range of 25 to 34 years. One of the subjects was the author and so was fully aware of the purpose of the experiment, the remaining nine were na|« ve. of the foot of a hill taken from the PICS image database at the University of Stirling (http://pics.psych.stir.ac.uk/index.html). The four filtered versions (two low-pass and two high-pass) were created with Matlab. The root image (denoted as F ) was transformed into the frequency domain, convolved with low-pass or high-pass Gaussian filters which had a half-amplitude bandwidth (or high-frequency half-amplitude cutoff ) from 0 to 0.5 cycle deg À1 (low pass denoted as L 0.5 and high pass denoted as H 0.5 ) and 1 cycle deg À1 (low pass denoted as L 1 and high pass denoted as H 1 ), then inverse Fourier transformed back into the spatial domain.
The stimuli in this experiment were shown at a resolution of 2566256 pixels on a black background. They were displayed with a VSG display system (Cambridge Research Systems Ltd) and were presented on a Gamma-corrected 21 inch (10246768 pixels) monochrome Eizo FlexScan 6600-M monitor with a refresh rate of 69 Hz. Stimuli were displayed for 42 ms each, always with a step temporal onset and offset. They were displayed centrally and viewed binocularly at a distance of 0.4 m. The subject's head was placed in a chin rest throughout the duration of the experiments.
3.1.3 Design. The stimuli were grouped into triplets: L 0.5 L 1 H 1 ; H 1 L 1 L 0.5 ; L 0.5 H 0.5 H 1 ; H 1 H 0.5 L 0.5 . The four image triplets were grouped according to which set of spatial frequencies they contained. These two sets were presented randomly in a 2IFC paradigm as used in experiment 1. For example, if L 0.5 L 1 H 1 was presented in the first temporal interval, H 1 L 1 L 0.5 was presented in the second. Subjects made 50 decisions per set and temporal condition, totalling 200 decisions overall.
3.1.4 Procedure. The experiment was carried out in a blacked-out room. Subjects were informed that the task required them to indicate which of two temporal sequences of filtered natural images (one coarse to fine and the other fine to coarse containing exactly the same spatial-frequency content) most resembled a full-bandwidth version of that image. Subjects were shown examples of the set of stimuli, including the fullbandwidth image from which the filtered images were derived and the filtered images themselves. Examples of the temporal form that the trials were to take were also given. The subjects proceeded with the experiment when fully satisfied. All subjects' data were collected in a single-block session. Figure 2 shows the percentage of trials on which an image triplet was judged to resemble the full-bandwidth image from which it was derived. It was found that the temporal order of spatial frequencies did have an effect upon subject's full-bandwidth naturalimage-like responses. Subjects predominately chose the presentation order of the triplet of filtered images which presented spatial frequencies progressively from coarse to fine (L 0.5 L 1 H 1 96.6%; L 0.5 H 0.5 H 1 86%). On only a small percentage of the trials was the fine-to-coarse presentation indicated as being more full-bandwidth natural-image-like (H 1 L 1 L 0.5 3.4%; H 1 H 0.5 L 0.5 14%). These differences were found to be significantly different (L 0.5 L 1 H 1 versus H 1 L 1 L 0.5 : t 9 66X35; p 5 0X01; L 0.5 H 0.5 H 1 versus H 1 H 0.5 L 0.5 : t 9 9X85; p 5 0X01).
Results
L 1 H 1 H 1 L 1 L 0X5 L 0X5 H 0X5 H 1 H 1 H 0X5 L 0X5 Temporal order
Discussion
The results clearly show that a coarse-to-fine sequence of filtered images is judged to resemble the unfiltered natural image from which they were derived more so than the same image sequence shown from fine to coarse. This result shows the same pattern as that found with the natural-image-quality paradigm used by Parker et al (1992) . This suggests that the task of resemblance judgment reflects the same processes as the task of rating image quality. Thus the differences in task cannot account for the fineto-coarse temporal-order preference shown in experiment 1. Consequently, it appears that different temporal anisotropies exist in the integration of spatial frequencies, depending upon the stimulus employed.
However, it is necessary to consider a further possibility. It may be the case that the preference for a high-to-low sequence does not reflect spatial-frequency integration, but rather the judgment is based simply upon the final frame shown. In the following experiment this explanation for the finding of a high-to-low integration of spatial frequencies is examined.
Experiment 3: Last frame
It may be the case that the results supporting a high-to-low integration of spatial frequencies could be explained by suggesting that the spatial frequencies are not interacting at all, but rather the decision is based upon the last spatial frequency shown. Thus, in the high-to-low sequence of spatial frequencies, the final frequency shown is the fundamental which has the same periodicity as the square wave of which it is a harmonic component. In the low-to-high sequence the final spatial frequency shown is the 5F which alone does not resemble the square wave being of a much higher periodicity. Therefore it can be suggested that in the square-wave-likeness experiment a high-to-low image sequence is chosen to resemble the square wave more than a lowto-high sequence because the former temporal order shows the fundamental as its last frame while the latter sequence shows the 5F as the last frame. Indeed, subjective reports from subjects completing experiment 1 involved such comments as``one of the stimuli had more lines than the example square wave you showed me''. While the results of McSorley and Findlay (1999) experiment 3 show that a last-frame explanation cannot account for the results found there, the last-frame explanation may account for the results of experiment 1.
To examine this, experiments employing square-wave-resemblance judgments were carried out, in which the spatial-frequency information presented in the penultimate frame was manipulated. Thus, the final frame in both instances was the fundamental of the square-wave series, F ; however, this was preceded by different spatial-frequency information. Specifically, the fundamental spatial frequency was preceded by a 3F or a 4F harmonic (experiment 3b); and a 3F harmonic in a peaks-subtract phase relationship or a 3F harmonic in a peaks-add phase relationship (experiment 3c). If it was the case that the spatial frequencies presented in the two frames were not integrating, then the information presented in the penultimate frame should have no effect on the square-wave-resemblance judgment, resulting in both sequences being equally likely to be chosen to resemble the square wave.
First, however, a square-wave-likeness experiment (experiment 3a) was carried out with two spatial frequencies (the fundamental and the third harmonic). This was carried out because, in order to examine whether any integration of the final frame and those preceding it occurred, it is sensible to reduce the number of stimuli to two and then manipulate the spatial-frequency information presented in the penultimate frame. Experiment 3a serves as a check that the high-to-low sequence of 3FaF is still judged to appear to resemble a square wave more than the low-to-high sequence of Fa3F.
Experiment 3a:
Square-wave likeness with two stimuli 4.1.1 Method. The following experiment repeats the square-wave-likeness paradigm of experiment 1 with two spatial frequencies. The image sequences now consisted of only the fundamental, F, and the third harmonic, 3F, of the square-wave series used in experiment 1. These were shown from coarse to fine (Fa3F ) or from fine to coarse (3FaF ) in a 2IFC design. Subjects indicated which appeared to resemble a square wave more. Following from experiment 1, it was expected that the high-to-low temporal order of spatial frequencies would be judged as resembling a square wave more so than a low-to-high temporal order.
4.1.2
Subjects. There were six subjects, four female and two male, with an age range of 25 to 34 years. One of the subjects was the author and so was fully aware of the purpose of the experiment, the remaining five were na|« ve.
4.1.3
Results and discussion. Table 1 shows the percentage of trials on which each of the spatial-frequency temporal orders was chosen to resemble a square wave. As can be seen, the choice of square-wave resemblance is dependent upon the presentation order of the harmonic pairs. The 3FaF presentation order was chosen on 97.4% of the trials, while on only 2.6% of the trials was the coarse-to-fine pair chosen.
The results show clearly that the high-to-low temporal sequence of spatial frequencies is judged to resemble a square wave more than a low-to-high sequence, reflecting the pattern of results found in experiment 1. This experiment was carried out in order to examine the viability of reducing the number of spatial frequencies shown in experiment 1 from three to two. This allows the interactions which occur between the three spatial frequencies in experiment 1 to be reduced to two and thus enables the measurement of performance when the information presented in the penultimate frame is manipulated.
Experiment 3b: Last frame
In this experiment, a 3FaF pair is compared to a 4FaF in a square-wave-likeness experiment. It would be expected that, if subjects are basing their decision upon the spatial frequency shown in the last frame, then both of the image sequences should be chosen equally often as most resembling a square wave. If, however, the spatial frequencies are integrating, then the 3FaF pair should be chosen to resemble a square wave more often than the 4FaF pair, as the F and 3F spatial frequencies are the first two harmonics of a square-wave series.
4.2.1 Methods. The apparatus and materials, design, and procedure were as in experiment 3a. Variations are noted in the following sections.
Stimulus set.
The stimuli employed in this experiment were much the same as those used in the second square-wave-likeness experiment (experiment 3a), with the addition of a 4 cycles deg À1 Gabor patch (4F ), of the same size and contrast as the 3 cycles deg À1 , which took the place of the 3 cycles deg À1 in one of the stimulus pairings. In one interval a 3FaF pair was shown, and in the other a 4FaF pair was shown. Thus the square-wave judgments were compared as a function of preceding spatialfrequency information presented.
4.2.3
Subjects. There were five subjects, three female and two male, with an age range of 25 to 34 years. One of the subjects was fully aware of the purpose of the experiment, the remaining four were na|« ve.
4.2.4
Results and discussion. Table 1 shows the percentage of square-wave-like responses as a function of penultimate frame shown. There was found to be a significant difference in the results dependent upon the preceding frame, with 81.2% of the trials eliciting a square-wave-like judgment to the 3FaF pair (t 4 À4X46; p 5 0X05).
The results clearly show that performance differed as a function of the penultimate frame; thus the judgment of square-wave likeness does not depend upon the spatial frequency shown in the last frame alone. Thus, this suggests that there are interactions between the spatial frequencies shown in the high-to-low sequence and that this interaction is the integration of the spatial frequencies presented.
Experiment 3c: Phase
In this experiment a 3FaF pair was shown in both intervals; only the phase of the 3F harmonic has been shifted to form either a peaks-subtract or a peaks-add phase relationship with the fundamental. As with experiment 3b, it would be expected that, if the penultimate frame had no effect on performance, then both image sequences have an equal probability of being chosen; however, if the two spatial frequencies integrate, then it would be expected that the 3FaF in peaks-subtract phase would be chosen to most resemble a square wave.
4.3.1 Methods. The apparatus and materials, design, and procedure were as in experiment 3a. Variations are noted in the following sections.
Stimulus set.
The stimuli employed in this experiment were much the same as those used in the second square-wave-likeness experiment (experiment 3a) with the addition of a phase-shifted 3F harmonic, so that its phase relationship with the F fundamental was one of peaks add. In one interval a 3FaF pair in peaks-subtract phase was shown and in the other a 3FaF pair in peaks-add phase was shown. Thus the square-wave judgments were compared as a function of preceding spatial-frequency information presented.
4.3.3
Subjects. There were six subjects, two female and four male, with an age range of 21 to 40 years. One of the subjects was fully aware of the purpose of the experiment, the remaining five were na|« ve.
4.3.4
Results and discussion. Table 1 shows the percentage of square-wave-like responses as a function of penultimate frame shown. There was found to be a significant difference in the results dependent upon the preceding frame, with 69.4% of the trials eliciting a square-wave-like judgment to the 3FaF pair in peaks-subtract phase (t 5 3X07; p 5 0X05).
As with experiment 3b the results clearly show that performance differed as a function of the penultimate frame. Thus the judgment of square-wave likeness does not depend upon the spatial frequency shown in the last frame alone. This is further supported when it is considered that it is the square-wave phase-related pair that elicits the most square-wave-like judgments. This suggests that there is an interaction between the 3F and the F spatial frequencies shown fine to coarse. Furthermore the results show that this interaction is one of spatial-frequency integration.
General discussion
The aim of all the experiments presented here has been to examine a prediction derived from the finding of McSorley and Findlay (1999) supporting a temporally anisotropic integration of spatial frequencies when the first three spatial frequencies of a square-wave series are presented in a sequence. This study suggested that a lowto-high sequence of the first three spatial frequencies of a square-wave series should appear to resemble a square wave more than a high-to-low sequence. This prediction was tested in experiments 1 and 3. Experiment 1 showed that, contrary to expectation, the high-to-low sequence of spatial-frequency information was more likely to be judged to resemble a square wave than the low-to-high sequence. This result suggests that the reason that the Fa3Fa5F presentation order is more often mistaken as containing a square wave (McSorley and Findlay 1999) is not because it forms a more targetlike representation. A simple explanation for the results showing both a low-to-high and a high-to-low temporal anisotropy in the integration of spatial frequencies is that the results of the square-wave-likeness experiment do not reflect the integration of spatial frequencies at all. It may be that the task is not equivalent to those previously employed in the literature and/or may be a result of the subjects basing their decisions only on the last frame shown. However, the result of experiment 2 showed that the task produces similar results to those published when natural image stimuli are employed, while experiment 3 showed that spatial-frequency information presented in the penultimate frame did play a role in the determination of square-wave likeness, suggesting that the judgment was not based on the final frame alone and must reflect some form of integration between the spatial frequencies presented.
Anisotropic or isotropic mechanism?
The results of these experiments provide no support at all for a hard-line anisotropic mechanism of spatial-frequency integration: successful integration of spatial frequencies has been shown to occur when they are made available in a low-to-high or high-to-low sequence. These results argue strongly against such an extreme anisotropic conception of integration.
An alternative account of the data might be given if spatial-frequency integration is taken to be isotropic, ie if spatial frequencies are integrated effectively regardless of the order in which they are made available. Obviously, if spatial frequencies are integrated effectively regardless of the order in which they are made available, then the end product is equivalent. Yet, in all the experiments discussed, presentation order has been found to be important. Thus, consideration of isotropic integration alone is not sufficient to explain the data.
Recency bias
We wish to propose a third alternative, which is that the information presented most recently will have the largest impact on the final percept, while that which has been made available the longest time ago will have the least, but still some, impact. Thus, it is suggested that spatial frequencies are integrated effectively regardless of order but, in addition to this, information presented more recently has the largest impact on the final percept.
This very simple recency-bias mechanism can account for a surprisingly large amount of the data published examining this issue of spatial-frequency integration. To take the current set of results: both the low-to-high and high-to-low sequences of spatial-frequency information are integrated effectively. However, as the lowspatial-frequency Gabor patch is the fundamental of the square wave, it appears to resemble the square wave more than the third or fifth harmonic does. Thus the high-to-low sequence is chosen to most resemble the square wave as the low spatial frequency is shown last. In the case of the natural-image experiment presented here, the high-pass-filtered version of a natural image appears to resemble the fullbandwidth natural image from which it was derived more so than a low-pass-filtered version (see Parker et al 1992 Parker et al , 1997 McSorley and Findlay 1999;  for quantitative data on this). Thus a coarse-to-fine sequence would be predicted to be chosen to more resemble the natural image than the fine-to-coarse sequence. This is indeed what was found.
In terms of other published data employing natural images, this isotropic concept of spatial-frequency integration would predict that a coarse-to-fine sequence would be rated as being of better quality than a fine-to-coarse sequence. It would also predict that the coarse-to-fine sequence would be more likely to be mistaken as a full-bandwidth natural image than the fine-to-coarse sequence, leading to more false positive detection of its presence within the sequence. Furthermore, it would also predict that a high-passfiltered version of a natural image would interfere more with the subsequent processing of another natural image than a low-pass-filtered natural image. These predictions have all been borne out by published data (Parker et al 1992 (Parker et al , 1996 (Parker et al , 1997 McSorley and Findlay 1999 ; for a discussion of problems with the`detection' methodology see McSorley and Findlay 1999) . Further work is required to pursue the question why the high spatial frequencies should resemble the full image in the case of natural scenes, but not in the case of square waves. (2) An isotropic concept of spatial-frequency integration can also account for some of the results of Schyns and Oliva Schyns and Oliva 1997 ; see section 5.3 below for a further discussion of the Schyns and Oliva results). Schyns and Oliva (1997;  see their footnote 2) report that subjects categorise images on the basis of spatial-frequency information both when presented in a coarse-to-fine sequence (53% of trials) and in a fine-to-coarse sequence (45% of trials). This suggests an isotropic mechanism.
Thus it appears that spatial frequencies are integrated effectively as and when they become available. Particular patterns have emerged primarily as a result of the stimuli employed to examine the underlying integration mechanism. (3) (2) In order to account for the different temporal anisotropies in the integration of spatial frequencies when presented within a natural-image-type stimuli or as part of a square-wave series it is suggested that a recency bias exists. Thus the high-spatial-frequency portion of spectrum appears to be more like the natural image, while the low-spatial-frequency portion of the spectrum appears to resemble a square wave. This leads to a coarse-to-fine preference in the former case, and a fine-to-coarse preference in the latter case. However, it is not clear when approaching these two stimuli purely in terms of spatial-frequency content, rather than in terms of spatial scale, why this should be the case. Further work is necessary to resolve this issue. One suggestion (made by a referee) is that image bandwidth may be important, so that in the case of natural scenes there is overlapping information in the different frequency bands, in contrast to the case with the square waves. The wider bandwidth of spatial-frequency information in the filtered natural-image stimuli may promote the use of spatial-scale information, thus resulting in the different temporal anisotropies found in the experiments presented here. (3) However, as it stands this model cannot account for the square-wave detection result reported by McSorley and Findlay (1999) . In that experiment it would be predicted that the high-to-low temporal sequence of spatial frequencies would have resulted in an increase in the number of false reports of the presence of the full-bandwidth square wave. However, as stated in the introduction, the opposite was found, ie the low-to-high sequence was more often reported to have contained the square-wave target.
There are two extreme possible ways of looking at this. First, the isotropic model is incorrect or second, there are problems with the experiment reported by McSorley and Findlay (1999) . As the amount of data accounted for by the isotropic model is so impressive, it seems sensible to examine the experiment of McSorley and Findlay (1999) . McSorley and Findlay (1999) pointed out some drawbacks with the detection paradigm which they employed. While these were specifically aimed at the use of natural images, they may also apply to the use of spatial-frequency-specific stimuli. One such problem is the detection task itself, which essentially requires the subject to detect the presence of a large amount of spatial frequencies in the presence of other distracting spatial-frequency information. This does not appear to be very conducive to spatial-frequency integration. In terms of their square-wave detection task, the task can be essentially boiled down to asking subjects to detect the presence of a particular sequence of spatial frequencies (F, 3F, 5F, ..., nF) which have a particular temporal sequence (possibly coarse to fine) when these are presented in sequence with other spatial frequencies with other temporal dynamics. When stated in this fashion, the task does appear to be odd. It may well be the case that this does not provide the best paradigm with which to examine the temporal nature of spatial-frequency integration. Thus the result found by McSorley and Findlay (1999) may not have been due to the low-to-high sequence integrating to form a square-wave-like representation. This issue obviously needs further exploration.
Flexible integration
Other results which cannot be explained by an isotropic concept of spatial-frequency integration are those reported by Schyns and Oliva (1997; Oliva and Schyns 1997) . They have found that subjects can be biased to integrate spatial frequencies which are made available in a particular temporal sequence, ie subjects preferentially integrate spatial frequencies from coarse to fine or fine to coarse depending upon their prior experience. Oliva and Schyns (1997) suggest, on the basis of these results, that integration is carried out by a flexible perceptual system, which is constrained by the information demands of the task or the goals of the organism and the perceptually available information. This is a form of spatial-frequency integration whose temporal form varies as a function of the information to be derived from the image. Thus the integration of spatial frequencies is not a unitary process taking a common form, but rather the nature of spatial-frequency integration differs depending upon the information to be derived from the image. Thus it is possible that the results found here and those published elsewhere and discussed previously could be explained by a model of spatialfrequency integration in which differences in the temporal form of integration are directly tied to the information to be derived in order to effectively complete the task at hand.
Conclusions
The results have provided solid evidence that spatial frequencies can be integrated when presented from high to low. This is counter to many preconceptions about spatialfrequency integration, which is generally considered to take place from low to high or coarse to fine. The results can be accounted for by an isotropic mechanism in which spatial frequencies are integrated as and when they become available. Particular temporal sequences of spatial-frequency presentation appear to be chosen as a function of the recency with which they were presented. However, in order to account for other results , it appears that a flexible aspect to the model also has to be incorporated, which integrates spatial frequencies in specific ways depending upon the information to be derived. The nature of this flexibility is unclear at this time. Further work is required to explore the implications of these models in greater depth.
